Article abstract-We performed MRI volumetric measurements of the amygdala (AM) and hippocampal formation (HF) in a group of 43 patients with temporal lobe epilepsy not controlled by optimal drug treatment. Fifteen patients (35%) had a history of prolonged febrile convulsions (PFC) in early childhood; 30 patients underwent surgery, and histopathology was available in twenty-four. The mean values of Ah4 and HF volumes ipsilateral to the EEG focus were significantly smaller than those of normal controls. The volumetric measurements showed a more pronounced atrophy of the Ah4 in patients with a history of PFC, although the HF volumes were also smaller in this group. Patients with a history of PFC had a higher proportion of more severe mesial temporal sclerosis (MTS) compared with those with no PFC. These findings confirm a correlation between early childhood PFC, the severity of atrophy of mesial structures, and MTS. NEUROLOGY 1993;43: 1083-1087
TLE. However, many candidates for surgical treatment of seizures have gliosis and neuronal loss in mesial temporal structures that cannot be seen c l e a r l y , e v e n o n p r e o p e r a t i v e h i g h -r e s o l u t i o n Quantitative MRI-based volume measurements of the hippocampus improve the detection of unilateral atrophy in patients with epilepsy.12-16 Since the a m y g d a l a (AM) plays an i m p o r t a n t role in the pathophysiology of TLE, it appeared reasonable to include measurements of this structure as well as that of the hippocampal formation (HF).1J "21 In the present study, we compared the results of volumetric measurements of the AM and HF and the histopathology in patients with TLE who had prolonged febrile convulsions (PFC) in early childhood with those of TLE patients without PFC.
~~1 . 3 - 1 1 Methods. Subjects. We performed MRI volumetric measurements of the AM and HF in a group of 43 patients (19 males and 24 females; mean age, 34.3 years) with TLE not controlled by optimal drug treatment. A clear EEG lateralization was available in 35 patients using surface and sphenoidal recordings. In eight, the lateralization was determined by depth electrode studies because of the ambiguity of the scalp EEG. The degree of lateralization was sufficiently clear to permit a surgical decision in all. Patients were not otherwise selected and represent a group admitted for investigation from June 1991 to August 1992.
The history of PFC was based on detailed accounts from parents and other relatives at the time of hospital admission as well as on a review of the patients' medical records of early childhood hospitalization. The 43 patients were divided into the following groups:
GrouD I. Fifteen patients with history of PFC in early childhood (35%), with mean age of 29.4 years (range, 18 GrouD 11. Twenty-eight patients with no history of PFC (65%), with mean age of 36.9 years (range, 12 to 62;
We used a control group consisting of 13 healthy volunteers (eight men and five women), with mean age of 32.2 years (range, 20 to 50; SD = 11.31, for comparison.
The characteristics of the patient groups are summarized in table 1, and the controls in table 3. Thirty patients underwent either transcortical selective amygdalo-hippocampectomy or anterior temporal lobe resection including amygdala and anterior hippocampus. Since the surgical removals were done by subpial aspiration, the samples of mesial temporal structures available for pathologic examination were not optimal, but correlation of reduced volumes of AM and HF with pathologic findings was possible in 24 patients.
After excision, the tissue was fixed for 12 to 24 hours in 10% buffered formalin, then cut anteroposteriorly, embedded in paraffin, and sectioned. Staining was carried out using Cajal's gold chloride sublimate, Lux01 fast blue, and hematoxylin-eosin.
We used the term "mesial temporal sclerosis" (MTS), as reviewed by Meencke and Veith,' to include changes in the hippocampus, the adjacent entorhinal cortex, and the amygdala. The term "MTS" is used here as a qualitative and descriptive
The pathologist was unaware of whether or not the patients had a history of PFC.
MRI acquisition. MRIs were obtained on a 1.5-tesla to 48; SD = 9.0). SD = 10.0).
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Philips Gyroscan S15-HP unit. Thirty-two slices on coronal views, perpendicular to the lateral sulcus (Sylvian fissure), were obtained using a 3-D gradient fast field echo sequence with 3-mm contiguous sections, a 7511612 (TWTEInumber of signal averages) pulse sequence, a matrix size of 256 x 256, with a 250-mm field of view and a 60" flip angle. Volumetric analysis. The images were transferred to a Sun SPARC work station (Sun Microsystems, Mountain View, CA). Volumetric measurements were performed with an interactive software program developed at the Neuroimaging Laboratory of the Montreal Neurological Institute. The regions of interest were outlined using a manual contouring editing function. Once the outline had been defined, the slice volume was calculated automatically by the computer program. A detailed description of the protocol and the anatomic landmarks used in the present work has been given by Watson et al. 17 Volumes of AM and HF were obtained on each patient and compared with values from the normal control group. Another measure to determine the degree of asymmetry between sides was established by using the right minus left side difference (R-L). This method was utilized by others12-14 to assess asymmetry of the HF.
Four AM measurements were excluded due to MRI artifacts present in this region.
Statistical analysis. We defined significant smallness of AM and HF as values below 2 SD of the respective mean values of the normal control group. The side asymmetry expressed by R-L AM and R-L HF was considered significant when 2 SD above the mean of control group. The volume measurements were expressed in cubic millimeters.
We performed an analysis of variance (ANOVA) comparing the AM and HF volumetric measurements from all three groups: patients with PFC (group I), patients without antecedent of PFC (group 111, and normal controls. We then used a planned comparison with two orthogonal comparisons: (1) PFC patients (group I) versus patients without PFC (group 11); (2) normal controls versus all patients (group I plus group 11). The same statistical approach was used to analyze the amount of asymmetry between sides (R-L) for AM and HF volumes.
We used Fisher's exact test to compare the pathologic categories in each of the two groups. This analysis was based on the classification given independently by the pathologist as mild, moderate, or severe degree of MTS.
We compared the age ( t t e s t ) of both groups of patients.
We considered statistical significance to be present at p < 0.05.
Results. The volumetric measurements of patients and controls are summarized in tables 1 to 3.
The ANOVA showed a significant difference among the three groups for AM (F = 22.5, p < 0.0001) and HF volumes (F = 14.1, p < 0.0001). The orthogonal comparison showed a significant difference between the two groups of patients, with AM and HF volumes being smaller in group I (patients with PFC) (F = 15.7,~ < 0.001; F = 6.4, p < 0.02, respectively). The second orthogonal comparison showed that AM and HF volumes of patients (group I plus group 11) were significantly smaller than controls (F = 8.9, p < 0.005; F = 21.0, p < 0.001, respectively). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43   39  29  23  36  18  24  22  37  48  23  44  31  26  19  22  35  62  42  27  38  49  33  30  38  33  48  39  48  30  22  37  56  35  26  38  34  12  34  45  35  31  45 33 
MTS mild MTS mild
Classif. = patients were classified as right temporal lobe epilepsy (R. TLE) or left temporal lobe epilepsy (L. TLE) according to the results of ictal and interictal EEG findings. PFC = history of prolonged febrile convulsions in early childhood. The numbers denote the age at which these occurred or of the first episode when there was more than one. R AM, L. AM, R. HF, and L. HF represent, respectively, the right and left amygdala and right and left hippocampal formation volumes in mm3 Mesial temporal sclerosis (MTS) was classified as severe, moderate, or mild. +AM means that pathologic changes were more important in amygdala than in the hippocampal region.
The ANOVA showed that the amounts of asymmetry between sides (R-L) for AM and HF were statistically different among the three groups (F = 10.0, p < 0.0001; F = 13.9, p < 0.0001, respectively). The first orthogonal comparison showed a significant difference between the two groups of patients, with more pronounced AM and HF asymmetry in group I (patients with PFC) (F = 5.9, p < 0.02; F = 4. 6, p < 0.05, respectively). The second orthogonal comparison showed that the amount of side asymmetry for AM and HF was significantly more pronounced in the patients (group I plus group 11) than in the controls (F = 1 4 . 1 ,~ < 0.001; F = 2 3 . 1 ,~ < 0.001, respectively).
Combining the AM and HF measurements, we found a significant asymmetry (with reduced volume on the side of EEG focus) in all patients of group I and in 85% of group 11.
In 30 patients who underwent surgery, specimens of mesial temporal structures available for pathologic study were satisfactory in 24-10 from group I and 14 from group 11. Patients in group I1 showed less severe degrees of MTS than in group I, and this almost reached statistical significance, with p = 0.075 (Fisher's exact test; table 4).
The mean age of patients of group I was lower than patients of group I1 ( p = 0.02, t test).
Discussion. This study showed a reduction of the volume of mesial temporal structures, which coincided with the side of the EEG focus in patients with TLE. This volume reduction was more pronounced in patients with a history of PFC in early childhood than in those without PFC. There was also a higher proportion of more severe MTS in patients who had PFC compared with those with no antecedent of PFC. Volumetric measurements showed more pronounced atrophy of AM in patients who had had PFC, although the HF volumes were also smaller in this group. There has been little attention paid to the AM as an important contributor to epileptogenesis in TLE.6 In this series, all patients who had hippocampal sclerosis had equally severe pathology of the AM when AM tissue was available for analysis. Indeed, the AM was more severely affected than the hippocampus in three patients, two of them with antecedents of PFC. The prior lack of emphasis on pathologic changes in the amygdala could be explained by the fact that this structure is often damaged at surgery because of its location and anatomic conformation.6 However, a recent pathologic report described a group of patients with sclerosis restricted to the AM as opposed to the HF. 22 Our findings agree with other reports showing a In a previous series from our institution, we found a higher frequency of gestational o r birth complications (mostly minor) in TLE patients who had had prolonged febrile convulsions. This suggests that such perinatal or other preexisting factors may make it more likely for a febrile convulsion to be prolonged or complex in children who have a genetic predisposition for febrile convulsions. Such perinatal or preexisting factors, in themselves, may not be sufficient t o produce TLE, but the prolonged and often lateralized febrile convulsion leads to hippocampal sclerosis and focal temporal epileptogenicity (Abou-Khalil et al, in preparation). The smallness and pathologic abnormality of the AM may identify a subgroup among patients with mesial sclerosis causing TLE.24 This may explain the effectiveness, in some patients, of corticoamygdalectomy with minimal or no hippocampal resection.lg Recognition and quantification of these atrophic changes may be important in planning treatment for patients in whom resection of the hippocampus is not safe because of severe memory impairment.
Further studies are required to establish the relative importance of unilateral or bilateral atrophy of the amygdala, the hippocampus, or both, compared with the EEG, neuropsychological studies, and functional neuroimaging. This may lead to a more rational and less invasive approach t o the treatment of TLE.
